there are significant differences on the performance of the processes applied and which treatment is 33 the most effective for each PC analyzed. 
Comparison of different removal techniques for selected pharmaceuticals 1. INTRODUCTION

39
The presence of pharmaceuticals and personal care products (PPCPs) in the environment is 
89
AC can be produced from several carbonaceous materials, including wood, coal, lignin, and 90 coconut shells [25] . Recent studies have reported excellent performance of low cost ACs for the 91 removal of pharmaceutical compounds, which is an attractive and economic alternative for water 92 treatment along with waste disposal and recycling [24] . AC can be commonly found in two micropollutants from water [26, 27] . Since PAC is dynamically added to the plant, it can be used 96 seasonally to treat wastewater in which the risk of OCs traces could be great (e.g., low-flow events).
97
The capability of PAC to remove OCs depends on the PAC dose and the contact time, as well as the 98 target contaminant properties (e.g. water solubility, hydrophobicity, charge, polarizability, size, 99 aromaticity and the presence of specific functional groups) [20, 28] . GAC used in packed bed filters 100 was also highly effective. However, more hydrophilic contaminants can break the GAC filter much 101 more rapidly than strongly bound hydrophobic contaminants. Therefore, in both powdered and 102 granular forms, AC demonstrates a great potential for removal OCs traces, although PAC dose and 103 GAC regeneration/replacement are two critical parameters to be considered for obtaining a 104 successful removal [28] . Generally, loaded GAC is regenerated ex situ by heating [29] or steaming 105 [30]. After several regenerations, GAC is managed as a waste and is incinerated [31] .
106
Other interesting technique to remove PCs is using a Sequencing Batch Reactor (SBR), which is based on the principles of the activated sludge process. In a SBR, oxygen is bubbled through the ClO2 reactivity in wastewater effluents, it has been suggested that ClO2 could be used as an The pure active principles were obtained using the drugs from commercially available pad. The
158
proportionality factor between the weight of the pad and the amount of active principle contained in 159 it was calculated. PCs quantities are presented in taken from each reaction to be analyzed. 
230
The cycle period was divided into five phases: filling (0.5 h), aeration-reaction (6 h), settling (1 h), The initial MLSS concentration was 2.5 g/L. After one week of feeding only with the above 241 described simulated wastewater, pharmaceutical compounds were added to the feed solution once 242 biomass was acclimated to the simulated wastewater. The process SPE/clean-up used for water samples was based on that reported by Petrovic et al. [52] .
247
PCs were isolated from water samples (250 ml, pH neutral) using an Oasis HLB cartridge [poly
248
(divinylbenzene-co-N-pyrrolidone)] preconditioned with 5 mL of methanol and 5 mL of Milli-Q
249
water. Samples were passed through the cartridges at a flow rate of 10 ml/min and then cartridges according to the membrane supplier).
336
The influence of pH solution on the PCs removal was considerable, especially in the case of
337
Clonazepam, because the reduction of pH from 8.5 to 6.5 led to an increase in its removal efficiency 338 from 22 to 80 % (see Table 5 ). Other researchers studied the pH influence on the rejection of PCs as 
SBR results
415
This type of treatment had different results depending on the pharmaceutical component analysed.
416
SBR results without and with ClO2 in terms of removal efficiency were presented in Table 7 . Good 417 results for Ibuprofen and Acetaminophen (∼90-95 % for both compounds) were observed, whereas 418 scarce removal efficiencies were shown for Diclofenac (∼25 %), Sulfamethoxazole (∼20 %), and Acetaminophen had generally low removal efficiencies using NF experiments at different pHs (≤ 13 445 %). These results could be attributed to its low molecular weight and its low value of Log KOW
446
(values displayed in Table 1 ), as it was explained in sections 3.1 and 3.2. UF processes were also 447 ineffective (~1.6 %), in contrast to SBR results, which presented high percentages of removal (≤ 95 448 %).
450
For Diclofenac, AC+UF had excellent removal efficiencies (≥ 95 %), which were better than those 451 obtained when both processes were individually implemented (≥ 68 % for AC and 42.2 % for UF).
452
The same trend is observed for the combination of UF+NF, which gave excellent results (≥ 98 %).
The AC treatments applied for removal Sulfamethoxazole had good removal efficiencies, especially Table 6 . Removal efficiencies (%) for each selected pharmaceutical compound using two different activated carbons (Clarimex and Epibon) and a combined hybrid process (activated carbon and ultrafiltration). 
